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the brickfield in the Ampthill Clay, but with that I cannot agree.
The lowest beds normally exposed in the brickfield belong to a zone
which has always been counted in England as part of the Kimmeridge
Clay—the zone we have been accustomed to call alternant zone, but
which Dr. Salfeld has told us is wrongly so called (provisionally
I would call it the serratum zone). Sixteen years ago I saw deeper
beds of clay exposed at the brickfield (in the foundations for the
chimney-stack), but I did not recognize any of the beds in the
railway cutting as identical with these. There must therefore be
some thickness of clay outcropping in the 700 yards between the two
exposures, and this may include the representative of Dr. Salfeld's
tcarta zone.1

The mapping of zones along the outcrop of a thick mass of clay is
not an easy matter through an inland area, mainly grass-land, but it
may be of some practical value. The clays of different zones are not
of equal value for brickmaking, or at least not equally suitable for
particular processes; and in the selection of a site for new works
some means of determining which type of clay will be found at
a suitable depth must be desirable. Such a means may be found in
a zonal map.

III.—THE CONTACT-ZONE OF THE ALPS AND THE APENNINES IN
WESTERN LIGUKIA.

By C. S. Du EICHE PRELLER, M.A., Ph.D., M.I.E.E., F.G.S., F.B.S.E.
I. INTRODUCTORY.

IN a paper on the Permian formation in the Maritime Alps, etc.
(GEOI. MAS., 1916, pp. 7-17), I mentioned incidentally that

it extends from those Alps, viz. from the Montgioie range east into
Liguria as far as the Savona Hills. As in the former so also in the
latter region, that formation is composed of essentially gneissic schists
known as apenninites or besimaudites belonging to the Lower Permian
or Permo-Carboniferous, and of sericitic schists, quartzites, and
•clastic rocks or ' anagenites ' which constitute the Upper Permian or
Verrucano proper, forming a transition to the Lower Trias.2 The
geological limit of the Permian in the Savona Hills coincides more or
less with the geographical line of division of the Alps and Apennines
at the Colle or saddle—also called Bocchetta—d'Altare; but another
geological line of division exists still further east, at the junction
of the Triassic and Eocene formations in the Chiaravagna Valley near
Sestri Ponente, immediately west of Genoa. In reality the geological
division is marked, not by either of those lines but by a contact-zone
between them. This contact-zone occupies the whole of Western
Liguria and comprises two distinct and dissimilar parts: one, the
Triassic calc-schists and pietre verdi area or Voltri group, which
extends for about 25 kilometres along the Riviera littoral vvest of
Genoa from Sestri Ponente to Voltri, Varazze, and Celle Ligure,

1 Q.J.G.S., lxix, p. 423, 1913.
2 This division has its exact equivalents in the Apuan Alps or Carrara

Mountains as the lowest formation underlying the marmiferous Trias, and in
the Verrucano—a name derived from Monte Verruca—of the Pisan Hills.
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and the other or Savona group, which skirts the littoral for about
15 kilometres from Celle to Savona and Zinola, and is composed for
the greater part of a crystalline massif of granitic, gneissic, and
amphibolic rocks.

Both these self-contained groups present respectively geological
features entirely different from those of the adjacent areas east and
west. Having examined them both some years ago, I propose to
confine the present paper to the crystalline massif of Savona, which,
owing to its altogether abnormal position and composition, is of
absorbing interest, and has within recent years been the subject of
remarkable interpretations as an overthrust zone par excellence. The
Voltri group I propose to consider in a future paper in connexion
with the adjoining ophiolithic area of Eastern Liguria.

II . GENERAL FEATCBES. (Fig. 1.)

The Savona Hills form approximately a rectangular area about
15 and 10 kilometres in length and width or 150 square kilometres,
its general direction being south-west to north-east. On the south
a rugged, craggy wall of gneiss runs along the coastline with some
intervening Pliocene deposits at Celle, Albissola, Savona, Fornacci,
and Zinola. On the west it skirts, from the coast upwards, the
Permo-Carboniferous formation to Quiliano, Eoviasca, Monte Curio,
and the village of Altare, a commanding point on the divide between
Liguria and Piemont, at about 600 metres altitude. Thence, on the
north, it follows the crestrline of the Apennines to Mte. Castlas
(851m.), Mte. San Giorgio (840 m.), and Mte. Greppino (811m.)
to the village of Corona in Triassic and Tertiary strata. On the east,
from Corona down to the coast at Celle, the border coincides with the
junction line of the calc-schists and pietre verdi of the Voltri group,
along which lie the villages of Piazza, Vetriera, Gameragna, Sanda,
and Ferrari.

Within this rectangular area the hills rise near the coast to 300
and 400 metres altitude, including Madonna degli Angeli immediately
north of Savona, and Madonna del Monte in the south-west corner
near Zinola; then in the centre to 500 and 600 metres altitude,
notably Mte. Curio, Mte. Ciuto, Mte. Cucco, and Mte. Castellazzo ; and
lastly to the crest-line np to 850 metres altitude, including, besides
the points already mentioned, Mte. Pr& (817 m.) and Mte. Negino
(703 m.). The hills are intersected by numerous torrents, generally
in deeply eroded ravines, running towards the coast, the principal
ones heing the Quiliano and Quazzola at the western end, the
Letimbro with its affluents the Canova, Gea, and Lavanestra in
the centre, and the Sansobbia with its tributaries the Riobasco,
Piantavigna, and Montegrosso at the eastern end.

All the localities, points, and ravines mentioned are geologically
important for the examination of this extremely complex area, access
to which is rendered easy not only by the Savona and Turin railway
traversing its central and western part in numerous tunnels and
cuttings, but more especially by the roads which run from different
points of the Eiviera road up into the hills. Among these are the
great highway from Savona to Cadibona and Altare into Piemont,
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402 Dr. Du Riche Preller—Contact-Zone of

SKETCH-MAP OF CRYSTALLINE MASSIF OF SAVONA.
(Contact-Zone of Alps and Apennines in Western Liguria).

Gr, Gn, Amph.==granitic, gneissic and amphibolic rocks;
PC.=Permo-Carboniferous; P^=Permian;

CS. x T.=Trias; O.=Ohgocene; PL.=Pliocene.
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the road to Santuario and Cimavalle in the Letimbro Valley north of
Savona; the Quiliano and the Madonna del Monte and Cadibona
roads in the western, and those from Albissola to Ellera,' to Piazza
and Corona, and from Celle to Ferrari in the eastern part of the area.
All these roads offer a great variety of interesting and instructive
exposures.

III . THE CRYSTALLINE MASSIF. (Fig. 1.)

"Within the rectangular border-lines of the Permian, Triassic, and
Tertiary sedimentary formations, the crystalline massif occupies
practically the whole area, with two exceptions. One of these is
an island of underlying Pernio-Carboniferous gneissic and sericitic
schist, about 7 by 4 kilometres in length and width, which stretches
from Savona and Madonna degli Angeli north-west to Santuario
(98 m.). It has obviously been eroded by the Letimbro and
Lavanestra torrents which join a few kilometres above Savona and
discharge into the sea at that town. The other exception is a wedge
of overlying Permian schist, Triassic limestone, calc-schist with
pietre verdi, and Oligocene conglomerate which projects from the
north near Monte Orme and Palazzo Doria to within a kilometre of
the Permo-Carboniferous island at its upper or Santuario end. The
intervening gap thus forms the superficial connecting link between
the two fairly equal parts of the crystalline massif. The only other
island in the latter is that of Cadibonain the north-western part of the
area composed of overlying Oligocene conglomerates and breccia,
at whose eastern extremity occurs at Cima di Prato, west of Cimavalle,
an extraordinary isolated outcrop of Permo-Carboniferous schist,
mica-schist and gneiss, and Permian schists, surmounted by a cap of
Triassic dolomitic limestone.1

The anomalous phenomenon which chiefly governs the problem of
the Savona region is that the Permo-Carboniferous schists in the
south, and more especially those of the Savona and Santuario island,
crop out below the crystalline massif, while the Permian and Triassic
strata in the north overlie it. The gneissic rocks which occupy the
greater part of the southern area are crossed by two bands of
amphibolic rocks S."W. to N.E., intimately associated with the gneiss.
The whole northern part of the massif, on the other hand, is composed
of granitic rocks, which, in the eastern part, are surrounded on the
north by a band of Permian schist, and on the south are in contact
with gneiss and amphibolic rocks; in the western part the granitic
rocks have the same contact as on the south, while on the west the
adjacent formations are Permo-Carboniferous schists and Oligocene
conglomerates. Granitic rocks also occur among the gneisses and
amphibolites, and form a considerable separate mass near Madonna
del Monte, in the south-west corner of the area.

IV. THE CRYSTALLINE ROCKS.

The granite when fresh and unaltered resembles in some respects
the Alpine type, is often porphyroid and granulitic in structure, of

1 This outcrop was pointed out by G. Bovereto in a memoir to be quoted
later. The small dolomitic cap is obviously in connexion with the larger deposits
further north-east.
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the Alps and Apennines in Liguria. 405

pale colour, and exhibits as its principal constituents abundant large
and medium-sized elements of quartz, plagioclase, considerably or
wholly kaolinized, with some orthoclase and subordinate black biotite
and muscovite. In a small isolated mass in the north near Pian di
Burr6, about 500 metres altitude, it is more fine-grained and in part
microgranitic. The granitic rocks, both in their fresh, unaltered,
and in their far more often altered and friable condition, are well
exposed along the Savona and Turin railway in the Upper Letimbro
Valley, in the ravines of the tributary torrents Canova and Porcheria,
and in Monte Porcheria in the western part of the area. In the
eastern part interesting outcrops occur on the eastern flank of Monte
Negino, in the Piantavigna and Montegrosso ravines, and notably in
the Sansobbia Valley near Ellera, in Monte Ciri, between the Sansobbia
and Eubiasco Valleys, and iu the latter valley between Piazza and
Vetriera along the road from Albissola to Stella.

The gneiss when unaltered is rich in dark brown or black
biotite with muscovite, and exhibits large orthoclase and plagioclase
elements together with granular quartz. It differs from the Permo-
Carboniferous gneiss chiefly in that the latter is more fine-grained,
with more muscovite, and paler in colour; but the differentiation is
often very difficult.1 Interesting outcrops of gneiss with associated
minute gneiss and mica-schist are those along the coast between
Albissola and Savona, where the gneiss is perhaps more unaltered
than in other parts of the area; along the Savona and Altare road,
in the Lavanestra Valley, where gneisses, amphibolites, and granite
alternate; also on the road from Celle to Ferrari and Sanda, on the
eastern margin of the area, where the gneiss is in contact with calc-
schist and pietre verdi, and in the south-west in the Quazzola Valley
and on Monte Ciuto.

The amphibolites are largely derived from pyroxenic rocks with
uralitized augite and saussuritized felspar, so much so that often
hardly, if any, trace is left of the original constituents. They are
closely associated with the gneissic rocks, and differ from the pietre
verdi of the calc-schist horizon on the northern and eastern border as
much as the corresponding rocks of the Piemontese Alps. Of the two
bands which cross the gneissic masses from south-west to north-east
the larger one may be traced from the Quazzola Valley to a point
where it traverses the road between Monte Ciuto and Cadibona, and
then the Savona and Altare road near Monte Moro in the Lavanestra
Valley; thence, on the eastern side of the Santuario island to Brie
dell'Amore, Monte Cucco, and the Albissola and Ellera road in the
Sansobbia Valley. The lesser, more southern band, in contact with
the granitic mass of the Madonna del Monte, crosses the road from the
latter point to Cadibona south of Monte Ciuto. Some of the best
exposures of the principal band occur on the ridge from Savona north
to Crocetta, and towards Monte Negino, where the amphibolic banks,
notably in Monte Pasasco and north of Monte Cucco, reach a thickness
of over 400 metres.

1 The Permo-Carboniferous gneiss is largely developed in the Quiliano and
Eoviasca Valleys, in the Bormida Valley west of Altare, and further north-west
down to Ferrania di Mare in the same valley; also along the Lavanestra Valley
in the Savona and Santuario island.
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Between the granitic, gneissic, and amphibolic rocks as the principal
constituents of the massif, there are countless passages; all the
rocks with rare exceptions exhibit more or less marked evidence of
alteration, crushing, and lamination, and intense, often vertical folding,
in striking unconformity with the subjacent Permo-Carboniferous and
the overlying younger sedimentary formations.

The sedimentary formations comprise, in ascending order, the
Permo - Carboniferous gneisses, mica - schists, and the dark, dull
sericitic, often green chloritic schists known as phyllades or schhti
plumbei; the paler Permo-Triassic sericitic schists, quartzites, and
clastic Verrucano, including also the lustrous and varicoloured grey,
green, and violet schisti ramti1; and the Triassic dolomitic and
fossiliferous, tegular micaceous, and black limestones, the latter
corresponding to the grezzoni of the Apuan Alps and belonging to
the Middle Trias. These are overlain by the Upper Trias calc-schists
with pietre verdi. The extensive deposits of Oligocene fossiliferous
conglomerates and breccia on the crest-line and on the flanks of the
hills below that line are an important factor as evidence of a marine
formation on the former, subsequentlv raised littoral.

V. THE PKOBLEM OF AGE, STBUCTUKE, AND ORIGIN.

This problem has been fruitful of various, often directly opposed
interpretations ever since 1841. Sismonda and Pareto regarded the
crystalline rocks as primitive and protogine; Gastaldi classed them,
including the apenninites, so called by him, as Upper Archeean,
though more recent than his calc-mica schist and pietre verdi zone.
Zaccagna,2 and with him Issel and Mazzuoli,3 in 1887 included the
whole crystalline Savona series in the Permo-Carboniferous and
Permian horizon of the adjoining Maritime Alps, while De Stefani,4
in the same year, maintained Grastaldi's view of the Pre-Paloeozoic
uniformity of all the crystalline rocks of the Western Alps and
Liguria.

Since then the most important investigations of the Savona region
have been those of Franchi (1893), Eovereto (1895 and 1909),
and Termier and Boussac (1911-13), followed by the dissentient
views of De Stefani (1913), who confirms his previous ones already
mentioned, and considers the Savona massif formed in situ.

1. Franchi, in a valuable memoir,5 vindicating Pareto's protoginic
view, recognized the gneissic, amphibolic, and granitic masses as
constituting a crystalline massif older than the Permo-Carboniferous

1 Eovereto assigns these varicoloured schisti rasati to the Middle Trias, but
they are, as Termier and Boussac also point out, really Upper Permian.

2 D. Zacoagna, " Costituzioni Alpi Marittime " : Boll. E. Com. geol., 1884,
p. 167 et seq. ; " Geologia Alpi Occid." : ibid., 1887, p. 346 et seq.

3 A. Issel, L. Mazzuoli, & D. Zaccagna, Carta geol. Riviere Ligure, 1887
and 1890.

4 C. De Stefani, " L'Apennino fra Colle d'Altare e la Polcevera": Boll.
B. Com. geol., 1887, fasc. 3 ; " Zona Serpentinosa della Liguria Occid." : Atti
E. Accad. Lincei, Roma, 1913, pp. 547, 661.

5 S. Pranchi, " Nota preliminare formazione gneissica e sulle roccie
granitiche del Massiccio Ligure " : Boll. B. Com. geol., 1893, p. 43 et seq. In
this memoir Franchi also describes the principal rocks microscopically and
gives a list of the literature 1841 to 1893.
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and all the other formations of the district. The gneisses and
amphibolites he regarded as primitive and the granite as intrusive in,
and therefore more recent than, the same. The superposition of the
gneiss on the Permo-Carboniferous near Quiliano in the south-west
corner of the area is, in his view, due to an inverted fold (rovescia-
mento), the normal sequence of gneiss and Verrucano appearing
further north, near Altare. He regards the Savona crystalline massif
as forming part of the inner Alpine belt of mas-sifs from Monte Rosa
to the Grajan, Eastern Cottian, and Maritime Alps, and the Savona
gneisses as akin to those of Gran Paradiso and La Levanna (Grajan
Alps) rather than to those of Mont Blanc.

2. Under a novel aspect the problem was presented in an important
memoir with maps and sections by Rovereto in 1909.' His pains-
taking survey of both the crystalline and sedimentary formations of
the area led him to the conclusion that the reversed, anomalous
sequence of the gneiss and the Permo-Carboniferous series is best
explained by a local and partial overthrust or displacement of gneissic
and granitic rocks from the eastern to the western part of the area.
This conclusion he bases on the following grounds:—

(1) That the Permo-Carboniferous island between Savona and
Santuario presents all the characteristic features of a ' window'
which discloses that formation as the substratum, here assumed to
form an anticline.

(2) That in the south-western part of the massif the gneiss mass to
which the Permo-Carboniferous strata are adjacent on either side
rests against the latter obliquely in opposite directions, and is there-
fore fan-shaped,2 whereas the gneiss mass north-east of the Santuario
island is essentially isoclinal.

(3) That in that island the eastern contact line of the Permo-
Carboniferous schists and the gneiss is comparatively normal and
undisturbed, whilst the western contact line exhibits marked
unconformity, contortions, and brecciation.

Hence the inference that the eastern part of the crystalline massif
is a "rooted" and the western part a "transported" area, viz. a
cover-sheet by displacement." The gneisses and amphibolic rocks of
the massif are, according to Rovereto, Pre-Carboniferous, and the
granite erupted in the Upper Palaeozoic.4

3. A much bolder and sweeping interpretation of the Savona
massif is that of Termier and Boussac in their brilliant memoir of

1 G. Rovereto, " Zona dei Bicoprimenti del Savonese " : Boll. Soc. geol. It.,
1909, p. 389 et seq. This memoir was preceded by two preliminary notes on
the same subject in 1895.

2 This fan-structure, shown in general section Fig. 2, rests on the
assumption that the adjoining Permo-Carboniferous island on the right is an
anticline, not a syncline.

3 Besides this solution Eovereto adumbrates three others, which, however,
he considers less tangible : the first assumes the whole massif to be a rooted,
the second a transported area, and the third assumes not only the Savona area
but the whole of the Apennines to be a series of transported cover-sheets.

4 Franchi (op. cit., p. 64) refers to the granite as being on the eastern border
intrusive also in the calc-schists and pietre verdi; these being Mesozoic, the
granite would be much younger than Upper PalsBozoic.
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408 Dr. Du Riche Preller—Contact-Zone of

1912.' Discarding Rovereto's local and partial overthrust as too
timid, incomplete, and wanting in precision, they argue with
characteristic entrain and incisive style and treatment in favour of
a comprehensive overthrust of exotic, long distance origin, and from
that point of viaw the subject is worked out so thoroughly that it
will be interesting to outline its salient points.

(1) The extensive examination of the area hy the authors leads
them to extol the Savona crystalline massif as an ideal ' cover-sheet'
region, which, in point of transport and overthrust phenomena, they
consider the most typical, unique, and classic of its kind in Europe.
All along the roads, in the ravines, and on the heights they find in the
abundant examples of intense crushing, lamination, hrecciation, and
friability of the crystalline masses conclusive evidence that these
masses were, by subterraneous transport from an exotic source,
wedged between the two sedimentary—the Permo-Carboniferous and
the Triassic—formations of the Savona Hills, and thus became the
dividing and contact-zone between the Alps and the Apennines.

(2) While wholly adopting Hovereto's view of the Savona and
Santuario Permo-Carboniferous ' window ', the authors dissent from
his lithological distribution of the crystalline rocks, and regard the
massif as in the main composed of granitic and only to a very minor
extent of gneissic and amphibolic rocks, the proportion of the three
being, according to their estimate, respectively •§•, \, and £.2 In this
estimate they also include a good deal of Permian schist which they
regard as altered granitic rock. Of the enormously predominant
granitic masses, as also of the gneisses and amphibolic rocks, only a
small part is intact and unaltered ; the great bulk is altered,
structurally and mineralogically, to mylonites, viz. bruised, crushed,
laminated, mashed, and brecciated by friction of transport and by
dynamic pressure.

(3) The granite when fresh contains 68 per cent of silica and in
chemical composition comes near to that of Mont Blanc, but nearer
to that of Elba, where Termier already previously claimed extensive
granite areas as mylonites,3 which he correlates with and quotes in
support of the phenomena in the Savona region. Of the mylonitic
granite the authors enumerate seven varieties or stages between
fresh unaltered granite and the most advanced mylonitic rock as the
other extreme. The first four stages comprise the fissured and
brecciform, the partially crushed and laminated, the intensely
laminated, and the incompletely crushed but not laminated rocks,

1 P. Termier & I. Boussae, " Le Massif Crystallin Ligure " : Bull. Soc.
geol. France, 1912, p. 272 et seq., with map and 2 sections, preceded by two
preliminary notes of 1911.

2 Rovereto's distribution of granite, gneiss, and amphibolites may be
estimated from his map as &, ^ , and fo respectively, his granite area being
less than half that of Termier & Boussae.

3 P. Termier, " Tectonique de l'lle d'EIbe " : Bull. Soc. geol. France, 1910,
p. 314 et seq. The conclusions of this memoir were contested by B. Lotti,
" L'ipotesi del Termier sulla tettonica Isola d'Elba," Boll. B. Com. geol.,
1910, p. 284 et seq. ; and by V. Novarese, " II presunto piano mylonitico del-
l'lsola d'Elba," ibid., 1910, p. 292 et seq.
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while the last three represent the most advanced types of myloniti-
zation, the rocks being reduced to a trachytic, phonolitic, and, as
the last stage, to a talcose aspect, completely mashed and laminated,
no minerals being microscopically recognizable. These rocks occur
more especially along the friction surfaces of the massif. The seven
varieties may be studied along the roads leading from the coast into
the hills, and notably along the paths leading from Savona up to
Monte Negino in the central part of the area.

4. The cataclastic structure and chaotic condition of the crystalline
rocks are, in the author's view, dominant features in favour of the
massif being an overthrust en bloc. The striking unconformity,
often at right angles, between the massif and the underlying and
overlying formations, and its wedge-like form, thinning out from
1,000 metres in thickness in the centre to 200 metres at its north-
western end, viz. in the direction of thrust, afford evidence not of
a merely local and partial displacement but of the exotic origin of the
entire massif.

5. The upper transport and friction surface of the massif is, in the
author's view, evidenced by the extremely disturbed and brecciated
condition of the overlying younger formations in contact with the
crystalline rocks. While the upper surface thus forced itself below
those formations, the lower surface glided, like a traineau ecraseur,
along the gently undulating surface of the ' fixed' Permo-Carboniferous
substratum. Thus the Savona massif was, in the author's view,
transported subterraneously, in a fuite prodigieuse {sic) from the east,
its rooted origin being, in common with the granite massifs of Eastern
Corsica and Elba, in the Dinarides.1

The two parallel sections south to north, Figs. 2 and 3, illustrate
respectively Rovereto's and Termier & Boussac's overthrust inter-
pretations ; Fig. 4 represents an alternative interpretation explained
at the end of this paper. The sketch-map, Fig. 1, gives, in dotted
lines, the approximate zonal direction and distribution of the
crystalline rocks ; but the countless passages of the three principal
rocks preclude any clear definition of limits.

VI. CONCLUSION.

Without in the least disparaging the overthrust theory jp^- se, which
in specific cases offers the only tangible explanation of stratigraphical
anomalies, it may, in my opinion, be safely averred that as regards
the Savona massif, all the individual and collective phenomena so
ably marshalled by Rovereto and Termier & Boussac lend themselves
with equal, perhaps greater force to a more natural and rational
interpretation.

The Savona region, whose crest-line at Mte. Castlas, Mte. S. Giorgio,
and Mte. Greppino lies at about 825 metres altitude, forms a depression
between Mte. Settepani (1,391 m.) in the Maritime Alps on the west

J The theory of the Dinarides being the rooted origin of the three granitic
areas is founded on G. Steinmann's often-quoted memoir, " Alpen und
Apennin," Monatsber. Deutsche Geol. Ges., 1907, p. 177 et seq.; his "dinarie
cover-sheets " , however, are assumed to have been transported, not direct from
east to west, but circuitously along the curve-line of the Alps.
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and Mte. Ermetta (1,267 m.) in the Voltri Apennines on the east.
The depression of 500 metres thus constitutes a synoline, in the
centre of which the region is deeply cut from north to south, and in
its lower part, between Santuario and Savona, is eroded to a width
of 4 kilometres by the Letitnbro and Lavanestra. In striking contrast
to the regularly stratified and undisturbed slopes on the north or
Po side of the Apennines, the Savona region is intensely folded,
contorted, and faulted, the maximum of disturbance being in the
centre, viz. in and near the Letimbro Valley immediately west and
north of Santuario, where all the rock formations converge.

As previously mentioned, the northern part of the region is largely
covered, in places to a depth of 400 metres, by Oligocene marine
conglomerates and breccia which represent a former littoral formation
raised in later Oligocene or early Miocene times. I t was during that
emergence and raising from the sea that the Savona region was,
by enormous pressure from below and from both sides west and east,
compressed, folded, fractured, brecciated, and, as Termier and Boussac
term it, reduced to a chaotic condition, a process repeated on a smaller
scale in Post-Pliocene times and followed in each case by a settling
which gradually produced the present depression and contact-zone
between the Alps and the Apennines.1

This enormous compression by repeated earth-movements explains
the crushing, lamination, brecciation, and more or less intense
alteration of the crystalline rocks, as well as the highly angular
unconformity between them and the sedimentary formations, and the
marked disturbance of the latter along the lines of contact. The
many passages and stages of alteration in the crystalline rocks render
a differentiation between transformed granite, gneiss, and amphibolite
very difficult; but the granitic rocks being largely predominant and
of eruptive origin, it is by no means improbable that the gneissic
and amphibolic rocks too are derived from granite which thus
constituted the whole original massif.2 Its eruption and spreading
out over the Permo-Carboniferous formation must in that case have
taken place about the Middle Permian period, as the Upper Permian
or Verrucano in part overlies the massif. This interpretation thus
solves without an overthrust the cardinal problem of the abnormal
superposition of the crystalline rocks on the Permo-Carboniferous
formation.3

If, on the other hand, the problem is to be solved by an overthrust,
it appears more probable that the whole crystalline massif was

1 L. Mazzuoli, in an interesting memoir on the " Formazione dei Con-
glomerati Miocenici nell'Apennino Ligure ", Boll. B. Com. geol., 1888, p. 9 et
seq., mentions the noteworthy fact that soundings carried out by the Italian
Marine Department along the Eiviera littoral of Genoa and Savona have proved
the existence of submarine river valleys at depths up to 900 metres at 4 nautical
miles from the shore. The ratio of fall below sea-level is thus about the same
as that from the Apennine crest-line to the coast.

2 The gneissic rocks of Valdana, in the south-eastern part of Elba, are by
common consent of granitic origin, though older than the microgranites in the
west of Elba (B. Lotti, op. cit., p. 285).

3 By this interpretation Termier and Boussac's exotic granite mass, section
Fig. 3, whose submarine part is of course purely hypothetical, becomes simply
an ordinary intrusive tongue formed in situ.
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transported, not from the east, but from a much nearer root in the
west, that is, from the Argentera gneiss and granite massif in
the Maritime Alps, whence it 'glided' over the intervening Permo-
Carboniferous formation of the Montgioie range to its present position
probably in Mid-Permian times.1 The overlying Verrucano, Triassic
limestones, and calc-schists with pietre verdi were, in that case,
similarly transported from the Montgioie range at a later, probably
in the Eocene period, the calc-schists being pushed beyond the
Savona massif as a cover-sheet forming the present abnormally
located Voltri group.2 This alternative overthrust is indicated in the
section Fig. 4.

The interpretation as an overthrust is alluring, but of necessity
hypothetical. It has been truly remarked that there is no difficulty,
obstacle, or objection which the overthrust theory cannot overcome
by geometrical designs.3 Rovereto himself calls it geopoetismo.*
When, therefore, a stratigraphical problem admits of a more tangible
and legitimate in situ explanation, the presumption and balance
should logically be in favour of the latter, and this may reasonably
apply to a region geologically so singular and attractive as that of the
contact-zone of Savona.

IV.—THK UPPER TKIAS OF LEICESTERSHIRE.

(Continued from the August Number, p. 371.)
By A. R. HOKWOOD, P.L.S.

(PLATE XVII.)
7. PALEONTOLOGY.

f I1HIS district is of especial interest from the palaeontological point of
1 view in that the different members of the Upper Trias each afford

a representative though not extensive flora and fauna. The scantiness
of the material, in so far as the Lower Keuper and in some respects
the Dane Hill Series are concerned, is due rather to the absence of
good sections. This cannot, however, be said of the Ehsetic beds,
for the section at Glen Parva is one of the finest in the Midlands.

Lower Keuper Sandstones and Marls.
Plant-remains.—In the higher part of the waterstones at Appleby,

in the marls intercalated with sandstones, obscure plant-remains,
possibly Equisetaceae, occur.

Annelid or Crustacean tracks.—At Kegworth the surfaces of the
sandstones are covered here and there with obscure trails or tracks
which may be organic.

Footprints of Cheir other ium.—A footprint, discovered about 1879
by Mr. T. Large, was found at Kegworth in waterstones, which must

1 The Permo-Carboniferous ' window ' would in that case be a syncline, and
the adjacent crystalline mass west would be, not fan-shaped, but isoclinal.

2 Termier and Boussac themselves assume the younger formations to have
moved as cover-sheets from west to east, viz. in the opposite direction of the
crystalline massif.

"3 V. Novarese, " II Profilo della Grivola, Alpi Graje " : Bull. K. Com. geol.,
1909, p. 497 et seq.

4 Op. cit., p. 408.
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